Abstract: Target strength measurements have been used to predict fish length in marry studies. The use of target strength to predict species, however, has been relativelyunsuccessfuldue in part to its high variability. This paper describes a first step in searching for acoustic species identification clues by presenting a multi-frequency examination of in-situ target strength variability of individual fish.
INTRODUCTION
Throughout the body of literature on fish target strength (TS), relatively few papers deal with direct in-situ measurements and fewer yet deal with patterns of variability in TS measurements. Nakken and Olsen (l) , Drew (2), and Dawson and Karp (3) have published dorsal aspect TS measurements of individual free swimming fish, observing cyclic patterns in TS variation. Variations in Nakken and Olsen's TS observations were attributed to tail beat motion of the fish during swimming, Drew and Dawson and Karp have suggested that some species information may lie in these patterns of variation. This experiment describes an initial step in evaluating this potential by analyzing the TS variation of individual fish.
MATERIALS AND METHODS
Nighttime TS measurements were made simultaneously at three frequencies on free swimming fish presumed to be adult Pacific Herring (C/upea harengus pallasi) on February 22, 1995, in Cordova Harbor, Alaska.
Three
BioSonics Model 102 echo sounders operating at 38, 120, and 420 kHz were synchronized for simultaneous transmission and reception. Other operational parameters included O dB Receiver Gain and Transmit Power, a 0.5 ms bell-shaped transmit pulse length, 2.5 kHz receiver Bandwidth, and pulse repetition rate of 10/see. The three transducers were mounted on a flat plate as close together as possible, and suspended beneath the boat while drifiing over fish targets. The echo sounders utilized the dual-beam technique (4) to directly measure TS. Standard targets were measured to document acoustic calibration accuracy. Data were filtered in the BioSonics Model 281 dualbeam processor based on a -50 dB echo voltage threshold and single target isolation (-6 dB pulse length) criterion of 0.4 -0.6 ms. Target densities were low enough to easily assign echoes to the correct fish, based on ping number and range (m).
Data analysis focused on evaluating the TS time series patterns from individual fish at all three frequencies, Our first look at the data used a fairly crude and mechanical analysis procedure. The square of change in TS between adjacent pings of each individual fish was calculated (DELTA TS technique), and cumulative frequency distributions of DELTA TS were calculated at each acoustic frequency. A Chapman-Richards curve of the form:
was fit to each cumulative curve, and Alpha, Beta, and Gamma coefficients were calculated for each fish at each acoustic frequency. A second order of analysis continued by calculating the point by point deviations between the observed DELTA TS cumulative distribution and the values predicted by the Chapman-Richards model (Model Deviation technique). A cumulative distribution of these squared deviations was calculated, and the ChapmanRichards curve was once again fit to this distribution and coefficients calculated.
RESULTS AND DISCUSSION
The left panel of Figure I shows the TS time series for a single fish (#3 100). The TS at 420 kHz is artificially scaled up by 20 dB and the 38 kHz TS is scaled down 20 dB for presentation clarity. The second order analysis produced the three cumulative curves shown in the right panel of Figure 2 Figure I reveal increased separation between acoustic frequencies when compared to those from the DELTA TS model. . Comparing the cume coefficients from the DELTA TS and Deviation Models, the Alpha coefficients are insensitive to frequency in the first but show an increase at 420 kHz for the second; Beta varies strongly and inversely with frequency for both techniques; Gamma is similar for 38 and 420 kHz but lower at 120 kHz for the first, and is similar at 38 and 120 kHz but higher at 420 kHz in the second.
To conclude the experiment, the research on selection of optimal frequency separation, on model fitting and quantification of parameters, on sample size effects, and field and laboratory TS/directivity experiments on target species must be completed. This would allow definition of a library of descript ive parameters for each species.
